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(57)Abstract: 

PROBLEM TO BE SOLVED: To produce a three- 
dimensional optical waveguide device in high density 
which enables optical switching by utilizing the changes 
in the refractive index of the clad layer, and to enable 
remote control of the three-dimensional optical coupling 
between optical waveguides by selecting the wavelength 
of irradiation light. 

SOLUTION: This optical waveguide device H1 is obtd. 
by forming optical waveguides 5, 6 in different clad 
layers 3, 4 of clad layers 2, 3, 4 of a three-layer 
structure, respectively, and the clad layers 2, 3, 4 
consists of self-holding photochromic materials whose 
refractive indices change reversibly by the wavelength of 
irradiated light. The degree of optical coupling between 
the optical waveguides 5, 6 in the thickness direction is controlled by changing the 
index by the light irradiating the clad layers 2, 3, 4 in the thickness direction. 
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CLAIMS 



a^^»^^5Ws»^^^^^^?w»^^^J»^^^»;*w^ 

[Claim 1] It is the optical waveguide device characterized by being the optical wave- 
guide device which prepared the optical waveguide respectively in the clad layer from 
which the clad layer by which the laminating was carried out is different, for the afore- 
mentioned clad layer consisting of the self-hold type phot chromics material which 
changes with irradiation light wave length in [ a refractive index ] reversible, changing a 
refractive index by the light which irradiates the optical coupling degree between the op- 
tical waveguides in the thickness orientation from thickness at a clad layer, and con- 
trolling it. 

[Claim 2] The optical waveguide device according to claim 1 which has two or more clad 
layers from which optical response wavelength is different. 

DETAILED DESCRIPTION 
[Detailed Description of the Invention] 

[0001] [The technical field to which invention belongs] this invention relates to the opti- 
cal waveguide device which is a kind of the optical control device for optical switching 
used in an optical-communication field, an optical-information-processing field, etc. 
[0002] [Description of the Prior Art] The optical system which has the various functions 
in which further mass optical signal processing is possible is demanded, and the optical 
waveguide device is indispensable to these light system implementation as utilization of 
an optical transmission system or an optical-information-processing system (henceforth 
an optical system) progresses in recent years. For example, the optical waveguide 
device of the thing which makes an active function discover, and the so-called electro- 
optical effect type is well-known by realizing various functions, such as an optical 
waveguide circuit, by forming the optical waveguide which consists of a quartz system 
material on a glass substrate or a silicon substrate, or forming an optical waveguide on 
the substrate which has the electro-optical effects, such as the Pockels effect, and 
impressing an electrical signal to the optical waveguide. As an electro-optical effect type 
optical waveguide device, the optical switching operation has so far been realized using 
the strong dielectric inorganic material which is represented by the lithium niobate and 
which has the comparatively big electro-optical effect. 

[0003] Drawing 3 is an example of the optical waveguide device which used the electro- 
optical effect. On substrate top 21 for the optical waveguides which consist of a lithium 
niobate, optical waveguides 22 and 23 are formed of Ti diffusion method etc., and elec- 
trodes 24 and 24 are formed in near where optical waveguides 22 and 23 approached. 
By impressing a voltage to electrodes 24 and 24, the electric field arise to an optical 
waveguide 22 and the 23 periphery, and, as for the substrate 21 which has the -electro- 
optical effect, the degree of optical coupling [ section / contiguity / of optical waveguides 
22 and 23 ] for a refractive index changing in proportion to field strength changes. And 
when incidence of the signal light is carried out from one edge of optical waveguides 22 
and 23, the outgoing-radiation light intensity from the other end side of both the optical 
waveguides 22 and 23 can be controlled. The optical waveguide device using the ferro- 



electricity inorganic single crystal material represented by the lithium niobate was that 
the technique which has the big electro-optical effect and produces a low loss optical 
waveguide is established, and was the mainstream of an optical waveguide device until 
now (refer to JP,56-94326,A and JP.5-346560.A). 

[0004] Moreover, attempts, such as attaining integration of optoelectronic devices, such 
as semiconductor laser, are actively made by forming an optical waveguide on a 
semiconductor substrate. 

[0005] It uses that the macromolecule organic resin (polymer) represented by especially 
PMMA (polymethyl methacrylate) shows very high light-transmission nature recently in 
infrared regions, such as 1.31 micrometers (it abbreviates to wavelength hereafter) of 
light wave length, and 1.55 etc. micrometers. Giving various optical functionality is pro- 
posed by making the aforementioned organic polymer distribute the organic molecule 
which has optical functionality, and embellishing an organic polymer side chain with the 
organic molecule of optical functionality. Moreover, expansion of the optical-communi- 
cation device on the basis of the optical waveguide device by the above-mentioned 
polymer and an optical waveguide circuit is expected. 

[0006] Especially the research that used in it the optical responsibility which an organic 
material has is active. A phot chromics material does not stop at the intended use as a 
conventional charge of record material, the application expansion to the switching ele- 
ment for optical communication is considered (a "self-hold type photochromic polymer 
loading Mach ******** optical-switch M :electronic-intelligence communication society **** 
technical report (1996-10) -) "Photooptical Switching References, such as of Polymer 
Film Waveguide Containing Photochromic Diarylethenes M :Jpn.J.Appl.Phys.Vol.33(1996) 
pp.1 550-1 553. 

[0007] A reversible change of the molecular structure which is shown in drawing 4 by an 
aforementioned self-hold type phot chromics material having optical wavelength selec- 
tion responsibility, and irradiating the light of different wavelength arises. Moreover, it 
has the characteristic feature called so-called self-hold type with which the molecular 
structure is held until the light of different wavelength is irradiated again after irradiating 
light. And a series of change of the aforementioned molecular structure is an optical re- 
action purely, since the electric power supply from the exterior is unnecessary at all, is 
not influenced of the conventional electrical circuit-limit but is excellent also in workabil- 
ity peculiar to the upper organic material. 

[0008] 2x2 Mach ******** type optical-waveguide-device H using such a phot chromics 
material is shown in drawing 5 . In this drawing, the substrate for optical waveguides to 
which 1 1 changes from transparent materials, such as glass, the clad layer to which 12 
changes from PMMA (polymethyl methacrylate) etc., the up clad layer to which 13 
changes from PMMA etc., the optical waveguide by which 14 consists of fluoridation 
PMMA and phot chromics materials, such as a diaryl ethene derivative, were distributed 
by the part, the optical waveguide to which 15 changes from fluoridation PMMA, and 16 
are the optical function parts which consisted of an aforementioned phot chromics 
material among optical waveguides 15. 

[0009] In such optical-waveguide-device H, if a ultraviolet radiation (wavelength of about 
380nm or less) or a blue glow (wavelength about 380- about 450nm) is irradiated from 
the rear face of a substrate 11, the molecular structure and the refractive index of the 
optical function part 16 change, and it joins together by the tee B1 approached and 



separated, and an interference etc. is acted mutually, and by tee B-2, optical wave- 
guides 14 and 15 join together again, and **** infrared light (signal light) by which inci- 
dence was carried out from ports 1 and 2 And in case it ****s by tee B-2, according to 
the phase contrast of the light guided individually, an interference produces optical 
waveguides 14 and 15, and the outgoing-radiation light intensity of ports 3 and 4 can be 
controlled. 

[0010] Moreover, the molecular structure of the optical function part 16 returns from the 
rear face of a substrate 1 1 by irradiating red light (wavelength about 600- about 780nm) 
or yellow light (wavelength about 450- about 600nm), and it becomes a refractive index 
before irradiating a ultraviolet radiation or a blue glow. 

[001 1 ] If a refractive index is changed like the above at this time, the wavelength of the 
light which spreads the optical function part 16 will change. And although light which 
was in phase and branched by the tee B1 is ****ed by tee B-2, the optical-output ratio of 
ports 3 and 4 can be adjusted by controlling the phase contrast of two light which 
resulted in tee B-2. It is proportional to optical function-part 16 merit whether the 
aforementioned phase contrast is how much controllable, and a desired ********** 
function is obtained by setting up optical function-part 16 merit the optimum. 
[0012] [Problem(s) to be Solved by the Invention] However, although the electrode for 
making the electro-optical effect discover needed to be formed in the substrate front 
face in order to make an optical switching operation perform in the optical waveguide 
device which used the electro-optical effect like the above, it was common that the func- 
tion part equivalent to the optical-waveguide section an electrode and near the. elec- 
trode was arranged in 1 flat surface. There was a problem a wiring of the outgoing line 
for electrodes becomes complicated although it is necessary to arrange an electrode to 
a stratification, if two or more optical waveguides tend to be arranged in 3 dimensions 
when expanding the functionality of an optical wavegufde device, high density assembly 
tends to be carried out and it is going to perform optical switching in 3 dimensions, a 
manufacturing process became complicated as a result, and workability was bad, and 
also attach a cost highly. 

[001 3] On the other hand, in the field of an electrical circuit, in order to realize high den- 
sity assembly, various electronic parts are distributed to a multilayer substrate, and the 
configuration which carries out the interconnection of between substrates is used abun- 
dantly by wiring in the orientation perpendicular to a substrate side. And an optical- 
waveguide layer and a clad layer are formed on the substrate which applies the configu- 
ration with the same said of the field of an optical waveguide device, for example, was 
multilayered, a photoelectrical transducer is prepared in the halfway of an optical wave- 
guide, the photo electric translation of the lightwave signal is carried out, and ihe tech- 
nique of connecting between substrates electrically is also considered. 
[0014] Although it is necessary to form a through hole etc. in the orientation perpendicu- 
lar to a substrate side in order to realize this configuration, it is necessary to form a 
through hole in the glass of a substrate material, silicon, a lithium niobate single crystal, 
etc. with high precision. Since these glass, silicon, a lithium niobate single crystal, etc. 
have the brittle quality of the material, they are difficult to form many through holes, 
therefore high density assembly is impossible as a matter of fact. Moreover, the manu- 
facture top is difficult for forming the transparent optical waveguide which consists of a 
material which discovers the electro-optical effect on the thin ceramic substrate of a 



translucency with the ceramics unsuitable as a material which discovers the electro- 
optical effect and although there is also the technique of calcinating after forming many 
through holes in the Plastic solid using the ceramic substrate for electrical circuits. 
[0015] Moreover; in the optical waveguide device which formed a part of optical wave- 
guide shown in drawing 5 by the phot chromics material, the refractive index of an opti- 
cal waveguide can be controlled by irradiating the light of different wavelength, namely, 
it is wide opened from a limit of an electrical circuit in the point that optica] switching 
control can be performed only with light. However, there was a problem that integration 
of a function was difficult, at the point which forms the optical waveguide on the same 
flat surface. 

[0016] Therefore, this invention is completed in view of the above-mentioned situation, 
the purpose is multilayered 3-dimensional type, and it can produce the optical wave- 
guide device in which the optical coupling (optical switching) by refractive-index change 
is possible, without forming an electrode, a through hole, etc., and it is in being remotely 
controllable by the irradiation light wave length who irradiates the-like 3-dimensional 
optical coupling between optical waveguides from the exterior. 

[0017] [Means for Solving the Problem] The optical waveguide device of this invention is 
an optical waveguide device which prepared the optical waveguide respectively in the 
clacMayer from which the clad layer by which two or more laminatings were carried out 
is different, and it is characterized by for a refractive index consisting of the self-hold 
type phot chromips material which changes in reversible, and for the aforementioned 
clad layer changing a refractive index by the light which irradiates the optical coupling 
degree between the optical waveguides in the thickness orientation from thickness at a 
clad layer, and controlling it by irradiation light wave length. 

[0018] this invention can be remotely controlled by the irradiation light wave length who 
irradiates the-like 3-dimensional optical coupling between optical waveguides from the 
exterior producible by the above-mentioned configuration, without forming the optical 
waveguide, device in which optical switching is possible for an electrode, a wiring, a 
through hole, etc. using refractive-index change of a clad layer. 
[0019] In this invention, it has preferably two or more clad layers from which optical 
response wavelength is different. 

[0020] By such configuration, the optical waveguide which carries out optical coupling 
by, controlling irradiation lightwave length can be changed, and optical 3-dimensional- 
tike switching is attained. 

[0021] [Embodiments of the Invention] The optical waveguide device of this invention is 
explained below. The 2x2 Mach Zehnder directional coupler type optical waveguide de- 
vice Hi of this invention is shown in drawing 1 . In this drawing, the substrate for optical 
waveguides to which 1 changes from transparent materials, such as glass, Si, etc;, and 
2, 3 and 4 are the clad layers which distributed the self-hold [, such as a diaryl ethene 
which changes in / a refractive index / reversibte, ] type phot chromics material by irra- 
diation light wave length to PMMA (polymethyl methacrylate) etc. 5 and 6 are the port 
for incident lights in the optical waveguide and 5a which consist of fluoridation PMMA 
etc., the port for outgoing-radiation light in 5b, a port for incident lights in 6a, and a port 
for outgoing-radiation light in Sb. Moreover, B3 is the tee by which contiguity arrange- 
ment was carried out so that the light by which incidence was carried out might start op- 
tical coupling from port 6a or port 5a, light might branch to each optical waveguides 5 



and 6 and an outgoing radiation could be carried out from both port 6b and port 5b. It is 
5 micrometers or less often [ the spacing between the optical waveguides 5 and the 
optical waveguides 6 in this tee B3 / being set as 10 micrometers or less by generating 
optical coupling ], and more preferably. 

[0022] Thus, the optical waveguide devices H1 of this invention are the clad layer 3 from 
which the clad layers 2-4 by which two or more laminatings were carried out are differ- 
ent, and the configuration of having formed optical waveguides 5 and 6 respectively in 
four. Moreover, in order to have a Mach Zehnder type function, as shown in drawing 1 , 
optical waveguides 5 and 6 are formed in the position with which it does not lap in the 
thickness orientation, and it forms so that a tee 3 may approach more. In this case, the 
tee 3 may lap in the thickness orientation. In this invention, you may prepare the clad 
layer which distributed the aforementioned phot chromics material between the clad 
layer 3 and 4, excluding an optical waveguide. Or as shown in drawing 1 , you may form 
the clad layer 2 which distributed the aforementioned phot chromics material between 
the substrate 1 and the clad layer 3, excluding an optical waveguide. 
[0023] About the optical waveguides 5 and 6 and the clad layers 2-4 of this invention, 
refractive-index difference deltan of the optical waveguides 5 and 6 to about 1.5 
refractive index of. the clad layers 2-4 is suitable, in order that it may be efficient to 
consider as about 0.1 - 1.0% and it may carry out the single mode waveguide of the 
waveguide light. In this case, the thickness of the optical waveguides 5 and 6 and the 
clad layers 2-4 is about 1-10 micrometers, and if it separates from this domain, while it 
will become difficult to have and carry out a single mode waveguide by the above- 
mentioned refractive-index difference deltan, the optical coupling between the up-and- 
down optical waveguide 5 and the optical waveguide 6 becomes difficult. 
[0024] The optical waveguides 5 and 6 of this invention and the clad layers 2-4 can con- 
sist of a macromolecule organic Fesin (polymer), PMMA which shows very high light- 
transmission nature in infrared regions, such as the wavelength of 1.31 micrometers 
and 1.55 etc. micrometers, especially can be made into the mother agent, and a refrac- 
tive index can be adjusted by mixing additives, such as a diaryl ethene, in it, and optical 
responsibility can be given. 

[0025] Next, an operation of the optical waveguide device H1 of this invention is ex- 
plained below. If a ultraviolet radiation (wavelength of about 380nm or less) or a blue 
glow (wavelength of about 380-450nm) is irradiated as irradiation light, as shown in 
drawing 4 , the molecular structure of the clad layers 2-4 will change, and a refractive 
index will change from a front-face [ in which the optical waveguides 5 and 6 of a sub- 
strate 1 were formed ], or rear-face side. Moreover, by irradiating red light (wavelength 
of about 600-780nm), or yellow light (wavelength of about 450-600nm), the molecular 
structure of the clad layers 2-4 returns, and it becomes a refractive index before irradiat- 
ing, a ultraviolet radiation or a blue glow from a front-face [of a substrate 1], or rear-face 
side. 

[0026] Although the infrared light (signal light) by which incidence was carried out from 
port 6a and port 5a interferes mutually and branches by the tee B3 in which optical 
waveguides 5 and 6 carry out a contiguity separation at this time, the outgoing-radiation 
light intensity in port 5b and port 6b changes in the size of the interaction in a tee 83. By 
changing the refractive index of the above-mentioned clad layers 2-4, it can control, the 
size, i.e., the optical coupling degree, of the aforementioned interaction, and an optical 



switching operation is attained. For example, when you carry out incidence of the signal 
light (infrared light) and you do not irradiate a ultraviolet radiation or a blue glow as 
irradiation light from port 6a, as signal light carries out an outgoing radiation from port 
6b, suppose that optical waveguides 5 and 6 are produced beforehand, and waveguide 
light [ in / the refractive-index difference with optical waveguides 5 and 6 becomes small 
by the refractive index of the clad layers 2-4 increasing by irradiating a ultraviolet 
radiation or a blue glow, and / a tee B3 ] (signal light) - oozing out (leakage) - it 
becomes large and optical coupling degrees, such as the interaction with an adjoining 
waveguide light, i.e., an interference etc., become large For example, by refractive- 
index increase of the clad layers 2-4, in a tee B3, signal light changes to an optical- 
waveguide 5 side from an optical-waveguide 6 side, and a control of the grade to which 
the outgoing radiation of the signal light is carried out from port 5b is attained. 
[0027] In this invention, the optical waveguide which carries out optical switching can be 
chosen by choosing irradiation light wave length by preparing preferably two or more 
clad layers from which optical response wavelength is different. Moreover, it is enabled 
to control the refractive index of a desired clad layer alternatively. 

[0028] Such an optical waveguide device H2 is shown in drawing 2 . This drawing forms 
an. optical waveguide 8 like optical waveguides 5 and 6 on the clad layer 4 of drawing 1 , 
and covers the clad layer 7 which carries out an optical response on long wavelength 
further more. Although it differs from the wavelength in which optical waveguides 5 and 
6 carry out optical coupling, and the wavelength in which optical waveguides 6 and 8 
carry out optical coupling and optical coupling of the optical waveguides 5 and 6 is car- 
ried out by the tee B4 by the irradiation light of the predetermined wavelength lambda 1 
Although optical coupling of ttie optical waveguides 6 and 8 is not carried out at this 
time but optical coupling of the optical waveguides 6 and 8 is carried out in tee B5 by 
the irradiation light of wavelength lambda 2 (> lambda 1) on the other hand, control of 
not carrying out optical coupling of the optical waveguides 5 and 6 at this time is 
attained. 

[0029] Moreover, in the operation gestalt of drawing 2 , the configuration of preparing 
the clad layer from which optical response wavelength is different between the clad 
layer 3 and 4 or between the clad layer 4 and 7, excluding an optical waveguide can be 
taken. 

[0030] As for the self-hold type phot chromics material of this invention, it is good to use 
a d-iaryl ethene derivative. In the molecular structure view of drawing 4 , there are the aJ- 
kyl group, the aryl group, the alkoxy group, the amino group, the halogen machine, and 
cyano group other than hydrogen as substituents R1, R2, R3, R4, R5, and R6. As the 
above-mentioned alkyl group, an aryl group, an alkoxy group, and an amino group, 
there are a methyl, an ethyl, a propyl, butyl, an amyl, a hexyl, an octyl, a nonyl, ****** 
pentadecyl, stearyl, cyelohexyl/a phenyl, tolyl, the xylyl, a naphthyl, a methoxy, ********, 
dimethylamino, diethylamino, etc. Moreover, ring formation of the part of R2, R3, R5, 
and R6 may be carried out by the benzene ring, the naphthalene ring, etc. Moreover, X 
and Y may be hetero atoms, such as a sulfur atom, an oxygen atom, and a nitrogen 
atom, and X and Y may be the same atoms. 

[0031] Moreover, clad layer 2- the optical response wavelength of 4 and 7 is decided by 
selection of the phot chromics material distributed in PMMA Optical response wave- 
length is easily controllable by the diaryl ethene derivative of drawing 4 with the modality 



of ring X and ring Y, and the modification compound of R2, R3, R5, and R6. For exam- 
ple, the yellow light at the time of changing from the ring-closure field to the ring-break- 
age field as compared with the case where both X and Y are thiophene rings, by using 
R2, R3, and R5 and R6 as the compound which embellished the benzene ring, making 
X of Y at a thiophene ring, and making another side into the Indore ring forms long 
wavelength. Furthermore, long wavelength-ization is still attained by transposing the 
surroundings of the modification benzene ring to a carbonic acid machine, the cyano 
base, etc. 

[0032] The concrete molecular structure of the diaryl ethene derivative formed into long 
wavelength is shown in drawing 7 like the above. In this drawing, the benzene ring and 
R4 return to (a1) by replacing CH3, and R5 and R6 by X, R1 replacing the benzene ring 
and Y by S respectively, CH3, and R2 and R3 being in the status of (b1) by irradiating 
325nm light, and (a1) irradiating 526nm light. It returns to (a2) by replacing CH3, and R5 
and R6 by the benzene ring, CH3, and R2 and R3 replacing N-CH3 and Y for X by S re- 
spectively, (a2) being in the status of (b2) by irradiating 325nm light about R1, and the 
benzene ring and R4 irradiating 572nm light. That by which, as for(a3), CH3, R2, and 
R3 added the carbonic acid machine (-H3 CO) for R1 to the benzene ring, That by 
which R4 added a methyl group (-CH3) and the cyano base (-CN) to the benzene ring 
as for CH3, and R5 and R6, N-CH3 and Y are respectively replaced forX by S, and it 
will be. in the status of (b3) by irradiating 325nm light, and returns to (a3) by irradiating 
665.nm light. 

[0033] Moreover, the optical waveguide device of this invention can use a substrate 1 
as a semiconductor substrate, can incorporate the light sources, such as semiconductor 
laser, on a substrate 1 , and was extremely miniaturized in that case. Or you may be 
made to carry out installation fixation of the light sources, such as semiconductor laser, 
on a substrate 1 . 

[0034] In this way, this invention has the operation effect that it is remotely controllable 
by the irradiation light wave length who irradiates the-like 3-dimensional optical coupling 
between optical waveguides from the exterior producible, without forming the 3- 
dimensional type optical waveguide device in which optical switching is possible for an 
electrode, a wiring, a through hole, etc. using refractive-index change of a clad layer. 
[0035] In addition, this invention is not limited to the above-mentioned operation gestalt, 
and the various change in within the limits which does not deviate from the summary of 
this invention does not interfere at all. 

[0036] [Example] The example of this invention is explained in detail below. 

[0037] (Example) The optical waveguide device H1 of view 1 was constituted as follows. 

First, it produced by process [1]- [5] which shows an optical waveguide device H1 

below. 

[0038] [1] On the 10mmx substrate 1 which consists of the glass which is 10mm, the di- 
mension in every direction in a flat surface applied the polymer material which was 
made to mix a diaryl ethene derivative in PMMA about 1% of the weight, and gave opti- 
cal responsibility by the thickness of about 10 micrometers by the spin coat method, and 
formed the clad layer 2. In addition, after solidification of PMMA having metted fluorida- 
tion PMMA and applying it by the spin coat method into the organic solvent, it was per- 
formed by carrying out a stoving. 

[0039] [2] On the clad layer 2, it was refractive-index n 5 = 1 .506, and after applying re- 



fractive-index n 2 = 1 .5 of the clad layer 2, refractive-index difference deltan2, and fluori- 
dation PMMA that has 5 = 0.006 (0.4%), the width of face and thickness of a cross sec- 
tion formed the optical waveguide 5 which is 5micrometerx5micrometer by the photo- 
lithography method and the dry etching method. 

[0040] [3] The polymer material which was made to mix a diaryl ethene derivative in 
PMMA 1% of the weight, and gave optical responsibility was applied by the thickness of 
about 1 0 micrometers by the spin coat method, and the clad layer 3 of refractive-index n 
3 = 1.5 was formed so that an optical waveguide 5 might be covered. 
[0041] [4] the photolithography method after applying fluoridation PMMA on the clad 
layer 3, and the dry etching method - the width of face and thickness of a cross section 
- about 5micrometerx - it is about 5 micrometers and the optical waveguide 6 of 
refractive-index n 6 = 1 .506 was formed At this time, the spacing of the optical 
waveguide 5 and the optical waveguide 6 in a tee B3 was about 5 micrometers. 
[0042] [5] The polymer material which was made to mix a diaryl ethene derivative in 
PMMA about 1 % of the weigfoi, and gave optical responsibility was applied by the 
thickness of about 15 micrometers by the spin coat method, and the clad layer 4 of 
refractive-index n 4 = 1.5 was formed so that an optical waveguide 6 might be covered. 
[0043] If the above-mentioned clad layers 2-4 irradiate a ultraviolet radiation 
(wavelength of about 380nm or less), or a blue glow (wavelength of about 380-450nm), 
the molecular structure will change and a refractive index will increase about 0.15%. 
Moreover, if red light (wavelength of about 600-780nm) or yellow light (wavelength of 
about 450-600nm) is irradiated, a refractive index will return. 

[0044] The optical response characteristic of the optical waveguide device H1 of this ex- 
ample is shown in drawing 6 . The outgoing-radiation light intensity of port 6b when car- 
rying out incidence of the 1550nm infrared light (laser beam) from port 6a and port 5b is 
measured. Using a helium-Cd laser beam with a wavelength of 325nm and a helium-Ne 
laser beam with a wavelength of 633nm as irradiation light, it condensed with the lens 
and irradiated from the rear-face side of a substrate 1. The outgoing-radiation light in- 
tensity from port 5b became [ the light which was carrying out the outgoing radiation 
from port 6b ] large with progress of irradiation time before irradiation of a helium-Cd 
laser beam. Next, by irradiating a helium-Ne laser beam, again, the outgoing-radiation 
light intensity from port 6b became large, and returned to the status before irradiation of 
a helium-Cd laser beam. 

[0045] Next, it produced by giving the following process [6] and [7], using the optical 
waveguide device H1 of drawing 1 as a base for the optical waveguide device H2 of 
drawing 2 . 

[0046] [6] the photo-lithography method after applying fluoridation PMMA on the clad 
layer 4, and the dry etching method - the width of face and thickness of a cross section 
- about 5micrometerx - it is about 5 micrometers and the optical waveguide 8 of 
refractive-index n 8 = 1 .506 was formed At this time, the spacing of the optical 
waveguide 6 and the optical waveguide 8 in tee B5 was about 5 micrometers. 
[0047] [7] The polymer material which was made to mix a diaryl ethene derivative in 
PMMA about 1 % of the weight, and gave optical responsibility was applied by the 
thickness of about 15 micrometers by the spin coat method, and the clad layer 7 of 
refractive-index n 7 = 1 .5 was formed so that an optical waveguide 8 might be covered. 
[0048] above-mentioned clad layer 2- if 4 and 7 irradiate a ultraviolet radiation 



the molecular structure will change and a refractive index will increase about 0.15% 
Moreover, if red light (wavelength of about 600-780nm) or yellow light (wavelength of 
about 450-600nm) is irradiated, a refractive index will return. 

[0049] You may be made to carry out the optical response of this clad layer 7 on long 
wavelength rather than the clad layer 3. In this case, the clad layer which carries out an 
optical response can be chosen by choosing irradiation light wave length. That is, the 
tee B4 and/or tee B5 can be operated by irradiation light wave length. 
[0050] Moreover, the clad layers 2 and 7 can make an additive able to mix in PMMA 
which is the clad layer 2 and seven materials, and can also adjust a refractive index so 
that it is not necessary to necessarily give optical responsibility for example, and it may 
have a suitable refractive-index difference to optical waveguides 5 and 8. 
[0051] Moreover, although three optical waveguides 5, 6, and 8 are formed in drawing 2 
, you may form four or more optical waveguides in a stratification. 
[0052]. [Effect of the Invention] this invention is the optical waveguide device which pre- 
pared the optical waveguide respectively in the clad layer from which the clad layer by 
which two or more laminatings were carried out is different. The aforementioned clad 
layer consists of the self-hold type phot chromics material which changes in [a refractive 
index] reversible by irradiation light wave length. By changing a refractive index by the 
light which irradiates the optical coupling degree between the optical waveguides in the 
thickness orientation from thickness at a clad layer, and controlling Refractive-index 
change of a clad layer is used, the 3-dimensional type optical waveguide device in 
which optical switching is possible An electrode, It has the operation effect that it is re- 
motely controllable by the irradiation light wave length who irradiates the-like 3-dimen- 
sional optica] coupling between optical waveguides from the exterior producible, without 
forming a wiring, a through hole, etc. 

[0053] Moreover, in this invention, since an electrode, a wiring, a through hole, etc. 
become heedlessness entirely, the optical waveguide circuit mounted 3 dimensions with 
high density is producible. 

DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1 1 It is the perspective diagram of the optical waveguide device H1 of this 
invention. 

[Drawing 2] It is the perspective diagram of the optical waveguide device H2 of this 
invention. 

[Drawing 31 It is the plan of the Mach ******** type optical waveguide device using the 
conventional electro-optical effect. 

[Drawing 41 It is a molecular structure view explaining the reversible phot do ****** 
phenomenon of a self-hold type phot chromics material, and the molecular structure 
when (a) irradiates yellow light, and (b) are the molecular structures at the time of 
irradiating a blue glow or a ultraviolet radiation. 

[Drawing 51 It is the perspective diagram of optical-waveguide-device H using the 
conventional self-hold type phot chromics material. 

[Drawing 61 It is the graph which shows the optical response characteristic of the optical 




waveguide device H1 of this invention. 

[Drawing 71 The molecular structure view of three sorts of diaryl ethene derivatives 
which are the phot chromics materials of this invention is shown. The type which returns 
to (a1) by being in the status of (b1) by (a1) irradiating 325nm light, and irradiating 
526nrh light, They are the type which returns to (a2) by being in the status of (b2) by 
(a2) irradiating 325nm light, and irradiating 572nm light, and the type which returns to 
(a3) by being in the status of (b3) by (a3) irradiating 325nm light, and irradiating 665nm 
light. 

[Description of Notations] 

1: Substrate 

2, 3, 4:clad layer 

5, 6:optical waveguide 

The port for 5a and 6a: incident lights 

The port for 5b and 6b:outgoing-radiation light 
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